ntraoperative pulmonary fat and bone-marrow embolism is a serious complication of bone and joint surgery. We have investigated the occurrence and incidence of intraoperative embolism in patients undergoing elective lumbar spinal surgery with or without instrumentation.
I
duced by the pressurisation and manipulation of the intramedullary canals of long bones, and is a serious concern among orthopaedic surgeons and anaesthetists involved in the fixation of fractures or joint replacement surgery. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In spinal surgery, there have been reports of fatalities caused by a similar complication associated with instrumentation, [14] [15] [16] [17] but the pathomechanism remains uncertain. Since there is an increasing use of implants in spinal surgery, it is important to determine the incidence of intraoperative pulmonary fat and bone-marrow embolism accompanying their insertion. We have therefore investigated the occurrence and incidence of pulmonary embolism during spinal surgery by monitoring with transoesophageal echocardiography.
Patients and Methods
We studied prospectively 40 consecutive patients undergoing spinal instrumentation for degenerative lumbar spinal disorders by intraoperative transoesophageal echocardiography (instrumentation group). Those with a spinal tumour or trauma were not included. There were 16 men and 24 women with a mean age of 57 years (28 to 77). The diagnosis was degenerative spondylolisthesis in 13, degenerative scoliosis in eight, recurrent disc herniation in five, primary disc herniation in four, painful kyphotic deformity in four, spondylolytic spondylolisthesis in three and other causes in three. The preoperative physical status of the patients was categorised into classes from 1 to 5 according to the criteria of the American Society of Anesthesiologists (ASA). 18 Preoperative informed consent was obtained from each patient with regard to the intraoperative examination with echocardiography.
All the operations were performed under general anaesthesia using a midsagittal posterior approach with the patient placed in a prone position on a four-point frame allowing abdominal decompression. In each patient, we inserted a 5 MHz transoesophageal multiplane ultrasound probe (Aloka, Japan) after endotracheal intubation, and continuous intraoperative monitoring was performed with a mid-oesophageal view allowing visualisation of the four chambers of the heart, which was videotaped. Routine intraoperative monitoring included blood pressure, heart rate, electrocardiography, end-tidal CO 2 concentration, and oxygen saturation measured by pulse oximetry.
All patients first underwent partial or wide laminectomy at the levels responsible for the neurological symptoms. Instrumentation for fixation and/or correction was performed, and was followed by bone grafting. All the instrumentations were posterior, comprising pedicle screws and rods. A small number of laminar hooks were added in two patients and intervertebral cages for interbody fusion in 15. The number of fused levels was one in 21 patients, two in 16, three or more in three, with a mean of 1.6 levels for all patients. In all patients undergoing a single-level fusion, it was achieved by a posterior lumbar interbody technique. In the 16 patients undergoing a two-level fusion, there were ten posterior interbody fusions, one posterolateral fusion, and five combinations of posterior interbody and posterolateral fusion. Two of the three patients undergoing a fusion at three or more levels had a posterolateral fusion and one had a combination of posterior interbody and posterolateral fusions. Local bone fragments generated from the laminectomy were used as bone grafts in all patients. In 22 patients additional bone grafts were harvested from a posterior iliac crest. The number of pedicle screws used per patient ranged from four to ten with a mean of 5.1. Self-tapping screws were inserted after probing within the pedicle with a small curette or probe and confirming the position and direction by radiographic control. The diameter of the pedicle screws was 6.5 mm for the lumbar vertebrae and 5.5 mm for the lower thoracic vertebrae. In all patients, bilateral transpedicular fixation was performed using a rod on each side. During the same period, a control group of 20 other patients with degenerative lumbar spinal disorders who had undergone lumbar spinal surgery without instrumentation was examined in the same way. There were 14 men and six women with a mean age of 61 years (34 to 80). The diagnosis was disc herniation in ten patients, spinal stenosis in nine and unstable disc degeneration in one. The operative procedures included a partial or wide laminectomy with or without discectomy in 18 patients and a non-instrumented lumbar fusion with local or iliac bone grafts in two.
No anticoagulant prophylaxis was given before or during the operation in any of the 60 patients. Low-dose aspirin was given to all patients for 14 days after operation. All patients in both groups were mobilised between the second and fourth postoperative days.
All recorded data were reviewed and analysed by anaesthetists (HK, TI) who were trained in echocardiography, to whom the data were blinded during analysis. The patterns of emboli observed during operation were classified according to the grading scale of Pitto, Koessler and Draenert 19 which has been described for hip replacement ( Fig. 1) as follows: grade 0, no emboli; grade 1, a few fine emboli; grade 2, a cascade of fine emboli or embolic masses with a diameter not exceeding 5 mm; and grade 3, fine emboli mixed with embolic masses with a diameter of more than 5 mm. Statistical analysis. Intergroup comparison of mean values was performed using the Mann-Whitney rank-sum test and that of proportions of different grades by the chi-squared test. Differences were considered to be significant when the p value was less than 0.05.
Results
In the instrumentation group the preoperative ASA physical status was class 1 for 12 patients, class 2 for 27 and class 3 for one and in the control group class 1 for seven and class 2 for 13. There was no significant difference between the groups with regard to age, gender and preoperative physical status. The mean duration of the operation was significantly longer (p < 0.001) in the instrumentation group (222 minutes) than in the control group (86 minutes). The mean intraoperative blood loss was significantly greater (p < 0.001) in the instrumentation group (457 g v 83 g). No allotransfusion was performed in any patient in either group.
The relationships between the operative procedures and the embolic events seen on transoesophageal echocardiography are summarised in Table I . Moderate to severe embolic echoes, i.e. grade-2 or grade-3 embolic events, were seen in 32 (80%) patients in the instrumentation group during and shortly after the insertion of pedicle screws. In most cases, a small number of fine embolic echoes began to enter the right atrium and ventricle shortly after probing within a vertebral body through its pedicle. Then, as the screw was inserted more and more fine embolic echoes appeared, forming a cascade or a snowstorm-like appearance. Such events continued during the successive insertion of screws and until between one and 15 minutes after the insertion of the last screw. In six patients in the instrumentation group, embolic masses larger than 5 mm (6 mm to 20 mm) in diameter were observed (Pitto grade 3) among the cascade. Of these, five showed large masses during or immediately after insertion of a screw and one during the tightening procedure of the screw-rod construct approximately 45 minutes after insertion of a screw. A small proportion of patients in the same group showed grade-1 embolic events during laminectomy, removal of intervertebral disc material, or harvesting of iliac bone graft. In these instances, a few echoes appeared shortly after tapping the bone with a hammer and chisel. Embolic echoes were not seen in any patients during soft-tissue dissection.
In the control group no grade-2 or grade-3 embolic phenomena were observed. Four patients showed a few fine emboli (grade 1) during laminectomy using a chisel while the other 16 had no pulmonary embolism throughout the operation. There was a significant difference between the two groups with regard to the grade of embolic events (p < 0.001).
No patient in either group had a significant alteration in blood pressure, heart rate, electrocardiography, end-tidal CO 2 or oxygen saturation intraoperatively which synchronised with the embolic events seen on echocardiography. No perioperative systemic or local complication was encountered in any patient in either group, except for one in the instrumentation group who had a transient arrhythmia (atrial paroxysmal contraction) in the absence of hypotension or hypoxaemia which began four hours after the operation and lasted about six hours, with no sequelae.
Discussion
Sudden intraoperative or perioperative cardiopulmonary dysfunction as a result of fat embolism is a well-known complication of bone and joint surgery. In such cases the embolism is thought to be related to the insertion of a stem or a rod into the intramedullary canal of a long bone, typically during cemented fixation of a femoral stem during total hip arthroplasty. [6] [7] [8] [9] [11] [12] [13] 19 In our study, it was noted that the insertion of spinal implants, particularly pedicle screws, resulted in intraoperative pulmonary embolism similar to that seen during arthroplasty and fixation of intramedullary fractures. Laminectomy, discectomy and bone harvesting did not markedly produce emboli. The exact clinical relevance of this embolism needs to be further investigated. There have been reports of fatal peri-operative fat embolism associated with spinal instrumentation, [14] [15] [16] [17] and we speculate that some cases may be attributable to the use of implants. 16, 17 Based on our results, it seems probable that at least some of the intraoperative cardiopulmonary complications which are seen during spinal instrumentation are a result of implant-related embolism. As with arthroplasty, we hypothesise that patients with preoperative cardiopulmonary comorbidities may be more vulnerable to intraoperative fat embolism. Clinically, the number of patients who suffer fatal intraoperative fat embolism is probably larger than has been reported since such cases are usually undiagnosed.
We were surprised by the large amount of emboli observed in our patients considering the size of the pedicle screws relative to the vertebral volume. It also seemed that the duration of the embolism, which lasted for 15 minutes in several patients, was long compared with the short time taken to insert the screws and the reason for this remains unclear. The paravertebral venous system, known as Batson's plexus, may be different from that of the limbs, and perhaps the marrow-vessel barrier has a looser structure in the thoracolumbar vertebrae, facilitating the intravasation of fat and marrow tissues after medullary damage. We hypothesise that the genesis of embolic masses as large as 20 mm or more may be due to activated intravascular coagulation combined with venous stasis within the local venous plexus, which may generate macroemboli comprising fat, bone marrow and thrombi, as has been suggested in fractures and arthroplasties in the lower limbs. 13, 19 This may explain the early postoperative pulmonary fat embolism in elective spinal instrumentation surgery. 15, 16 Several further questions remain to be addressed. First, the incidence of intraoperative embolism in spinal surgery is not known. Experience suggests that the incidence of severe intraoperative cardiopulmonary complications may be similar for both arthroplasty and spinal surgery. Complications due to undiagnosed embolism during spinal surgery may be more common than has been assumed, and a review of the literature revealed that the perioperative mortality rate of lumbar spinal surgery with pedicle screws varies between 0% and 1.5% with a mean of between 0.7% and 0.8%. 20 Secondly, the nature of the emboli should be confirmed. In spinal surgery, no identification of the content of the emboli has been undertaken, whereas emboli occurring during arthroplasty have been shown to contain fat and bonemarrow cells. 21, 22 Thirdly, the severity of fat embolism should be assessed more objectively. The embolism is subclinical in most patients. Pulmonary perfusion scintigraphy or detailed circulatory monitoring including measurement of pulmonary arterial pressure 23 may be useful in evaluating the subclinical cardiopulmonary compromise. Fourthly, identification of patients who are at risk is important from a point of view of prophylaxis. In the present series, in the instrumentation group, women had emboli of a higher grade than men, but this difference was not statistically significant. It also seemed that an osteoporotic spine produced more emboli than a spine with sclerotic changes, but again without statistical significance. A larger series will be needed to identify the subgroup of patients who have a high risk of embolism. Finally, methods of preventing embolism in high-risk patients need to be developed. Once pedicle screws have been selected, prevention of embolism is difficult. We suggest that decompression of the vertebral body in some way during insertion of screws, filtration within the inferior vena cava or anticoagulant prophylaxis may decrease embolism. Further investigation is required for the safer use of spinal instrumentation, especially pedicle screws. Spinal surgeons, anaesthetists and intensive-care physicians should be aware of occult pulmonary embolism occurring during spinal instrumentation surgery, which may possibly lead to severe or even fatal complications in a very small number of patients, as in arthroplasty.
